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ABSTRACT  
Air pollution can increase free radicals that may worsen some diseases. Antioxidants 
such as phenol and flavonoid compounds are known to counteract these free radicals. Long 
term use of synthetic antioxidants is known to cause bad effects on the body. Therefore, the 
necessity to search for natural antioxidants from plants and its endophytic microbes continues 
with the hope to obtain potential natural antioxidants with minimum side effects. The purpose 
of this study was to determine the antioxidant activity, total phenolic, and flavonoid contents 
of the extract of endophytic fungi which were derived from the Bogor-originated turmeric 
leaves via in vitro isolation. DPPH free radical scavenging method was used to determine in 
vitro antioxidant activity. The total phenolic and flavonoid contents assays were based on the 
Follin-Ciocalteu and aluminium chloride reagents, respectively. The extract of endophytic 
fungi of Bo.Ci.Cl.D1 and Bo.Ci.Cl.D2 showed antioxidant activity with IC50 value at 24.04 
and 96.08 mg/L, respectively. Total phenolic content of Bo.Ci.Cl.D1 and Bo.Ci.Cl.D2 
extracts were 113.47 and 81.83 mg gallic acid equivalent/g extract respectively. Total 
flavonoid content of Bo.Cl.D1 and Bo.Ci.Cl.D2 extracts were 41.79 and 38.50 mg quercetin 
equivalent/g extract, respectively. Based on these assays, it could be concluded that the 
extract of Bo.Ci.Cl.D1 has better antioxidant activities than Bo.Ci.Cl.D2.  
Keywords:  antioxidant; Curcuma longa leaves; endophytic fungi; total flavonoid; total 
phenolic  
 
INTRODUCTION 
Heavy air pollution from motor 
vehicle fumes and cigarettes can increase 
the formation of free radicals in the body. 
Free radicals give impact on the 
pathogenesis of several diseases in humans 
due to the occurrence of oxidative cell 
stress (Sitorus et al., 2017). Under normal 
circumstances, radicals in the body will be 
eliminated by the body's natural defence 
mechanism. Materials that can counteract 
free radicals are called antioxidants. 
Antioxidants become so important 
nowadays because of their ability to reduce 
free radicals and inhibit lipid peroxidation 
so that they can protect the human body 
from attacks of several diseases caused by 
free radical reactions (Khani et al., 2017). 
The use of synthetic antioxidants to 
prevent any damage caused by free radicals 
has been reported to give toxic side effects. 
Therefore, it is necessary to search for new 
sources of antioxidants, preferably from 
nature (Rico et al., 2013). One of the 
natural ingredients reported to have a high 
antioxidant activity is turmeric (Tanvir et 
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al., 2017). Other than turmeric’s rhizome, 
the leaves of the turmeric plant also 
reported showing antioxidant activity 
(Priya et al., 2012). The antioxidant ability 
of turmeric leaves extract is influenced by 
the content of phenolic compounds (Faujan 
et al., 2015), especially flavonoid 
compounds (Gruyal & Rosario, 2013). 
Within the tissue of turmeric leaves, 
the endophytic fungi can also be found. 
These endophytes are predicted to have the 
same antioxidant activity. Endophytic fungi 
were reported to have a high content of 
polyphenolic compounds (Yadav et al., 
2014). Endophytic fungi are fungi that live 
in the host plant tissues without causing 
disease and form mutualism association 
(Nicoletti & Fiorentino, 2015). Some 
endophytic fungi isolated from turmeric 
roots, stems, rhizomes, and tubers were 
reported to produce antioxidant compounds 
(Bustanussalam et al., 2015). This study 
aimed to examine the antioxidant activity, 
total phenol, and total flavonoid contents 
obtained from the in vitro extract of 
turmeric leaves endophytic fungi from 
Bogor using the DPPH free radical 
scavenging method. 
 
METHODS 
Materials 
Endophytic fungi isolated from the 
leaves of some turmeric plants were 
obtained from the private garden of 
residents in sub-district of Tanah Sareal, 
Bogor. Two isolates were distinguished 
based on macroscopic, morphological 
characteristics. The identity of plant was 
confirmed at the Herbarium Bogoriense, 
Research Center for Biology, LIPI with 
number of certificate confirmation of 
1145/IPH.1.02/If.8/VII/2012. Reagents and 
solvents used in this research: 2,2-
Diphenyl-1-picrylhydrazyl (DPPH) 
(Sigma), ascorbic acid (Sigma), Follin-
Ciocalteu (Merck) reagents, gallic acid 
(Sigma, >97%), sodium carbonate (Merck, 
99%), quercetin (Sigma, >95%), aluminum 
chloride (Merck, >98%), sodium acetate 
(Merck, 99%), methanol (Merck, for 
analysis 99%), ethanol (Merck, for analysis 
99%), 96% technical ethyl acetate, Potato 
Dextrose Agar (PDA) (Difco), Potato 
Dextrose Broth (PDB) (Difco), and 
aquades. The tools used in this study were 
rotary vacuum evaporator (Stuart), UV-vis 
spectrophotometer (Hitachi U-3900H), 
cuvette (Hellma), laminar air flow, 
analytical balance (Precisa 240A), water 
bath incubator (Grant), oven (Jouan), 
magnetic hotplate stirrer (Thermolyne), 
sonicator (Branson), shaker (Thermolyne), 
Buchner funnel, Erlenmeyer, microtube 
(Axygen), scale test tube, volumetric flask, 
micropipette (Eppendorf), micropropylene 
tip, autoclave (Tomy) and other glassware. 
 
Endophytic Fungi Fermentation and 
Extraction 
Isolation of endophytic fungi was 
performed using the surface sterilization 
method and grown on PDA, both later 
called by their isolate codes of Bo.Ci.Cl.D1 
and Bo.Ci.Cl.D2, which were distinguished 
based on the morphological character 
macroscopically. Fungal colonies were 
rejuvenated on PDA and incubated for 
seven days at room temperature. The 
endophytic fungi isolates, which were 
seven days old, were then transferred into 
100 mL of PDB in 250 mL Erlenmeyer 
flask. For making endophytic fungi growth 
curves, fermentation was carried out on a 
shaker 120 rpm for 22 days at room 
temperature and then harvested every two 
days. The biomass obtained was then dried 
and weighed. Fermentation to obtain the 
extract was carried out on a shaker 120 rpm 
for 14 days (stationary phase) at room 
temperature. After 14 days, the endophytic 
fungi filtrate and biomass were separated 
by filtration using sterile filter paper in a 
vacuum Buchner funnel. The filtrate was 
then extracted three times using ethyl 
acetate in the separated funnels and 
concentrated using a rotary evaporator until 
dried (Salini et al., 2015).
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Antioxidant Activity 
The antioxidant activity assay was 
performed by free radical scavenging 
method (Tiwari et al., 2006) using DPPH 
with a modification on its wavelength of 
517 nm. The concentrations of the test 
solution were 5, 10, 25, 50, and 100 mg/L. 
Ascorbic acid (vitamin C) as the standard 
was prepared in level concentrations of 1, 
3, 5, 7, and 9 mg/L, whereas the 
concentration of DPPH as control was 0.4 
mM. All samples, control, and standard 
solutions were incubated at 37 °C for 30 
minutes for then measured at 517 nm. 
Antioxidant activity was obtained using 
the equation below and IC50 value, a 
number that shows the concentration of 
test samples capability to inhibit the 
oxidation process by 50%, which was 
obtained by making a linear curve between 
the concentration of the test solution (x-
axis) and antioxidant activity (y-axis). 
 
 % Inhibition = (A – B) / A x 100%  ….(1) 
 
Note: A = blank absorption 
          B = absorption of test material 
 
Total Phenolic and Flavonoid Contents 
The concentration of ethyl acetate 
extract from isolated endophytic fungi in 
ethanol was 1000 µg/mL. The total 
phenolic assay was started by making the 
standard solution of gallic acid in distilled 
water with concentration series of 20; 40; 
60; 80; 100; and 120 mg/L to make the 
standard curve of gallic acid. A total of 1 
mL of extract (test sample) and gallic acid 
(standard) were put into separate test tubes 
and later 0.1 mL of Follin-Ciocalteu 
reagent and 0.9 mL of distilled water were 
added into each tube. Each mixture was 
then incubated at room temperature for 5 
minutes. 1 mL of sodium carbonate 7% 
and 0.4 mL of distilled water were added 
into the test tube and incubated for 30 
minutes at room temperature. The uptake 
of the mixture was measured at 765 nm. 
Total phenolic content is expressed as mg 
gallic acid equivalent to per gram of dried 
extract (mg GAE/g dry weight) (Pekal & 
Pyrzynska, 2014). 
 The standard quercetin solution in 
ethanol with concentration series of 10; 
15; 20; 25; 30; 35; and 40 mg/L was 
measured to make the standard curve of 
quercetin in the assay of total flavonoid 
content. 500 µL of extract (test sample), 
quercetin (standard), and ethanol (blank) 
were put into separate test tubes and later 
1.5 mL of ethanol was added into each 
tube. Then, 0.1 mL of aluminum chloride 
solution (0.1 g / mL), 0.1 mL of sodium 
acetate (1 M) and 2.8 mL of distilled water 
were also added. Each mixture was then 
incubated for 30 minutes at room 
temperature and then measured at 415 nm. 
Total flavonoid content is expressed as mg 
quercetin equivalent to per gram of dried 
extract (mg QE/g dry weight) (Kaur & 
Singh, 2015). 
 
RESULTS AND DISCUSSION 
Endophytic Fungi Fermentation and 
Extraction 
Fermentation was done by shaken 
culture fermentation method to maintain 
aeration and agitation. Aeration is needed 
to supply endophytic fungi oxygen while 
agitation or stirring aims to increase 
oxygen supply in the medium as well as to 
maintain temperature homogeneity 
(Kumala & Pratiwi, 2014). The isolates 
were spherical when grown in liquid 
fermentation media and the color of 
mycelium was identical to the color when 
grown on agar media. Bo.Ci.Cl.D1 isolate 
mycelium was black, while Bo.Ci.Cl.D2 
isolate was yellowish pink. The harvesting 
of endophytic fungi was carried out during 
the stationary growth phase (Figure 1) 
because, in general, fungi will produce 
secondary metabolites during this phase 
(Basha et al., 2012). Secondary metabolite 
compounds will be released into 
fermentation media. Therefore, the filtrate 
extract of endophytic fungi contains more 
secondary metabolites in terms of weight 
than the mycelia or biomass 
(Bustanussalam et al., 2015).
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Figure 1. Growth curve of endophytic fungi derived from turmeric leaves of isolate 1 (Bo.Ci.Cl.D1) and isolate 
2 (Bo.Ci.Cl.D2) 
Antioxidant Activity 
The assay of antioxidant activity 
showed that both ethyl acetate extract of 
the filtrate isolates have antioxidant 
activity (Table I). The test results also 
showed that both extracts have an 
inhibition above 50% at the concentration 
of the test material of 100 mg/L. The 
extract of Bo.Ci.Cl.D1 isolate had a lower 
IC50 value compared to the extract of 
Bo.Ci.Cl.D2 isolate; hence, the extract of 
Bo.Ci.Cl.D1 isolate has a better 
antioxidant activity (Table I). 
The strength of antioxidant activity 
are categorised into very active categories 
(IC50 <10 mg/L), active (IC50 <100 mg/L), 
and inactive (IC50> 100 mg/L) (Minami et 
al., 1994). The antioxidant activity of both 
extracts are categorised as active since the 
IC50 value of both isolates were <100 
mg/L. However, both showed lower 
activity compared to ascorbic acid as the 
positive control with an IC50 value of 3.88 
mg/L which is in the very active category 
(Minami et al., 1994). The extract of 
endophytic fungi of Bo.Ci.Cl.D1 showed a 
better antioxidant activity compared to the 
ethanol extract of turmeric leaves, 
obtained from the previous study 
conducted by Faujan et al. (2015), which 
IC50 value was 85 mg/L.  
DPPH scavenging method is 
commonly used in antioxidant studies. The 
antioxidant effect in the DPPH free radical 
scavenging method occurs because of the 
ability of a compound to donate hydrogen 
(Babu et al., 2013). The extract of 
endophytic fungi isolated from Rhodiola 
crenulata, R. angusta, and R. sachalinensis 
plants were reported to have good 
antioxidant abilities (Cui et al., 2015). 
Antioxidant activity of Bo.Ci.Cl.D1 
extract showed a better activity with IC50 
value of 24.04 mg/L, compared with the 
activity of endophytic fungi extract from 
turmeric plant rhizomes with the IC50 
value of 32.28 mg/L, reported in the 
previous study (Septiana et al., 2017). 
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Table I. Antioxidant activity from endophytic fungi extracts derived from turmeric leaves 
No Sample code Concentration 
(mg/L) 
Inhibition 
(%)±SD 
IC50 
(mg/L) ±SD 
1 Bo.Ci.Cl.D1 5 19.36±0.18  
  10 31.28±0.36  
  25 50.83±0.27 24.04±0.11 
  50 73.08±0.54  
  100 76.54±0.18  
2 Bo.Ci.Cl.D2 5 1.54±0.36  
  10 1.60±0.63  
  25 12.11±0.27 96.08±0.06 
  50 28.78±0.09  
  100 50.83±0.09  
3 Vit. C 1 22.64±2.67  
  3 41.73±5.11  
  5 69.60±1.07 3.88±0.14 
  7 90.35±0.53  
  9 93.75±0.91  
 
Table II. Total phenolic and flavonoid contents of endophytic fungi extracts derived from turmeric leaves 
No. Sample code 
Total Phenolic Content (mg gallic 
acid equivalent/g dry weight) ±SD 
Total Flavonoid Content (mg 
quercetin equivalent/g dry weight) 
±SD 
1 Bo.Ci.Cl.D1 113.47±0.25 41.79±0.07 
2 Bo.Ci.Cl.D2 81.83±0.14 38.50±0.13 
    
Total Phenolic and Flavonoid Contents  
The ability of endophytic fungi 
extract to give positive results in the 
antioxidant activity assay is related to the 
composition of its chemical compounds. 
Some of the chemical compounds in 
endophytic fungi that are active as 
antioxidants are phenols and flavonoids. 
Phenol and flavonoid compounds, 
contained in some endophytic fungi from 
plants Calotropis procera, are acting as 
antioxidants (Nagda et al., 2017). 
The phenolic and flavonoid contents 
of Bo.Ci.Cl.D1 extract were higher than 
Bo.Ci.Cl.D2 (Table II). The result 
supported the antioxidant activity result, in 
which Bo.Ci.Cl.D1 also showed better 
activity than Bo.Ci.Cl.D2 (Table I). The 
results of this study are in line with 
previous studies which stated that 
antioxidant activity has a very close 
relationship with the levels of phenols and 
total flavonoids. The higher content of 
total phenols and flavonoids, the higher the 
antioxidant activity (Esmaelli et al., 2015). 
The phenols (in mg GAE/g DW) and 
flavonoids (in mg QE/g DW) in an 
endophytic fungi extract can be divided 
into several levels. Endophytic fungi 
extract with total phenol content of <20 
mg/g are categorised in the low category, 
20-40 mg/g in the moderate category, and 
>40 mg/g in the high category. Endophytic 
fungi extract with a total flavonoid content 
of <15 mg/g are in the low category, 15-30 
mg/g in the moderate category, and >30 
mg/g in the high category (Zohri et al., 
2017). Therefore, the total phenolic and 
flavonoid contents of the two extracts in 
this study could be categorised as high due 
to their total phenolic contents which was 
>40 mg/g and flavonoid contents which 
was >30 mg/g (Table II). 
The phenolic contents of both 
endophytic fungi Bo.Ci.Cl.D1 and 
Bo.Ci.Cl.D2 extracts are higher than the 
phenolic contents of turmeric leaves in 
ethanol extract reported in the previous 
study which was only 8.86 mg GAE/g DW 
(Faujan et al., 2015). However, the 
flavonoid contents of both extracts were 
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still lower than those of turmeric leaves in 
ethanol extract from the same study, which 
reported to contain 141.09 mg QE/g DW 
(Gruyal & Rosario, 2013). The mechanism 
of flavonoids as antioxidants can occur 
through several mechanisms. One possible 
mechanism is the ability of flavonoids to 
bind free radical immediately by donating 
a hydrogen atom or transfer a single 
electron (Prochazkova et al., 2011). In this 
study, each extract showed different ability 
to reduce free radicals, despite being 
originated from the same part of the plant. 
The different antioxidant abilities are 
caused by the fact that each endophyte 
may produce different compounds with the 
same function or different amounts 
depending on their interaction with the 
host plant (Selim et al., 2012). 
 
CONCLUSION 
The ethyl acetate extract of 
endophytic fungus of Bo.Ci.Cl.D1 from 
turmeric leaves cultivated in Bogor 
showed a better antioxidant activity and 
higher total phenolic and flavonoid 
contents compared to Bo.Ci.Cl.D2. 
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